Introduction

47
A wide range of environmental information from both terrestrial and 48 marine realms is required from palaeoclimate archives to better understand 
119
We explore the distribution of these microbial biomarkers on Mt.
120
Shennongjia, a national reserve located at the northwest of Hubei province,
121
central China (31°15'-31°57'N, 109°59'-110°58'E) (Fig. 2) 
Extraction and clean-up methods
181
The soil, stalagmite and marine sediment samples were subjected to acid 182 hydrolysis following an optimized acid digestion method (Wang et al., 2012 analysis by gas chromatogram-mass spectrometer (GC-MS). homologue varies between C12, C14 to C16 in these different sample types, and Ratio (equation 1), has a positive correlation with the pH value of soils (Fig. 6a) .
258
The Branching Ratio is defined as follows: Ratio increasing significantly from 0.31 at pH 4.49 to 0.61 at pH 7.98 (Fig. 6a ).
266
Notably, the Branching Ratio shows no obvious correlation with MAAT, MAP 267 or soil humidity (Fig. 7a -c, Supplementary data Table 3 ).
268
The fact that pH on Mt. Table 3 ).
324
All the ratios and indices appear to be independent measures of the 325 decreased/increased degree of branching of 3-OH-FAs with lower/higher pH. 
336
Based on the linear correlations showed in Fig. 6c, d 
Temperature impact on 3-OH-FAs and potential proxies 351
In addition to the novel pH proxies described above, we found two indices 352 that have potential as novel temperature proxies, the ratio of anteiso to normal
353
C15 3-OH-FA (RAN15) and the ratio of anteiso to normal C17 3-OH-FA (RAN17).
354
RAN15 and RAN17 are defined as follows:
357
RAN15 shows a linear relationship with MAAT and MAP (R 2 = 0.51 and 358 0.50, respectively) (Fig. 8a, b) . A similar result was also found in RAN17 (R 2 = 359 0.48 and 0.48, respectively) (Fig. 8c, d disturb packing order to a greater extent than iso-branched fatty acids (Russell, 396 1995). This is conferred by the anteiso-methyl branch being located on the third 397 carbon from the methyl terminus while the iso-methyl branch is positioned on 398 the second carbon from the end of the chain (Russell, 1984) .
399
Based on the linear correlation showed in Fig. 8 , we obtain the following to MAAT are similar (see Fig. 8 ), although RAN17 has somewhat more scatter. temperature proxies are independent from pH.
417
In addition to the ratios, indices and proposed novel proxies presented 
Wide occurrence of 3-OH-FAs in other settings
424
We undertook an initial investigation to confirm the preservation of 3-OH-
425
FAs on Quaternary time scales in several palaeoclimatic archives: a lake 426 sediment sample dated to 1984±30 yr B.P. from Tianchi Lake, Gansu province,
427
China, a speleothem sample dated to 8645±78 yr B.P. from Heshang Cave,
428
China and a last glacial marine sediment sample from the 81 mbsf from IODP homologues, were all present in measurable concentrations (Fig. 10) . Notably, Table 4 ).
436
The variations in the 3-OH-FA signatures between the different settings 437 are likely due to controls by environmental and climatic parameters on core is inclined to contain common sugars such as hexoses or hexosamines etc.
738
The inner core contains the unusual sugars 3-deoxy-D-manno-octulosonic acid Heshang Cave and Tianchi Lake. FAs. The carbon numbers range from C10 to C18, including iso C11, C13, C14, C15,
761
C16 and anteiso C11, C13 C15 C17. 
